In patients with acute respiratory distress syndrome (ARDS), some alveoli and small bronchi collapse because of high surface tension at air-liquid interfaces [1] . Other alveoli and small airways may flood with liquid that leaked from the vascular space [2] . The resulting intrapulmonary shunt may cause life-threatening hypoxemia. Positive endexpiratory pressure (PEEP) prevents collapse of some alveoli and redistributes liquid in airspaces, restoring aeration of other alveoli [3] [4] [5] [6] . Also, preventing airway collapse and maintaining larger aerated portions of the lung can reduce injurious stresses in the lungs during ventilation [7] . However, PEEP may also increase stress and strain in the lung during inspiration and cause circulatory depression [8] . Unfortunately, practical methods for optimizing PEEP in individual patients have been difficult to find.
In a recent issue of Intensive Care Medicine, Chiumello and colleagues [9] provided useful information on important but frequently overlooked questions: What is the time-course of changes in gas exchange, circulation, and lung mechanics after PEEP is increased or decreased within a range that is commonly used in ARDS patients? How long must we wait before there is a new equilibrium? When can we assess whether gas exchange or lung mechanics is adequate or acceptable, or if we must do something else, such as raising or lowering PEEP further or proning [10] . In 44 ARDS patients, when PEEP was decreased (from 15 to 10 or from 15 to 5 cmH 2 O), changes in oxygenation variables were complete within 5 min; respiratory system compliance decreased slowly and modestly over 60 min. When PEEP was raised (from 10 to 15 and from 5 to 15 cmH 2 O), changes in oxygenation variables appeared not to have reached equilibrium after 60 min; changes in respiratory system compliance were complete within 5-10 min. Ventilation variables, cardiac output, mean arterial pressure, and heart rate showed little to no effect with changes in PEEP. Clinicians can use these data to make more deliberate adjustments to PEEP while trying to balance the potential risks and benefits of the numerous variables that they must consider. Clinical researchers can use these data to improve protocols of new strategies for optimizing mechanical ventilation.
There are some limitations to the applicability of the data in this study. All patients were paralyzed with vecuronium. The time-course of changes after PEEP adjustments may be different in patients who can cough, shift their weight in bed, take deep breaths or stack breaths, or contract their inspiratory and expiratory muscles. Also, recruitment maneuvers were conducted in this study before the beginning of the first PEEP change. This could have altered the opening and closing characteristics of some lung units.
From a physiologist's point of view, it is especially interesting to consider why the time-course of the oxygenation variables was so different comparing PEEP increases with PEEP decreases; For example, when PEEP was decreased from 15 to 5 cmH 2 O, mean PaO 2 decreased from 107 to 75 mmHg within 5 min and then varied very little over the subsequent 55 min. In contrast, when PEEP was increased from 5 to 15 cmH 2 O, PaO 2 increased from 76 to 92 mmHg after 5 min and then increased further to 97 (15 min), 103 (30 min), and 108 mmHg (60 min).
When PEEP is lowered, derecruitment may involve occlusions of segments of small airways by liquid [11] . ''Liquid bridges'' may occur at several or many discrete loci between the larger airways and alveoli. Several factors could determine whether and where these bridges occur, including airway diameter and surface tension, and viscosity and volume of fluid in the airspaces [11, 12] . The liquid bridges may not form at the same time, but once a single bridge forms, the alveoli subtended by the bridged bronchus would be lost to ventilation, leading to atelectasis, shunt, and decreased lung compliance. The effects on oxygenation and lung compliance would begin when the first bronchial segment becomes occluded. Therefore, the changes in oxygenation variables and respiratory system compliance should occur quickly.
When PEEP is increased, recruitment may involve a sequence of breaking of liquid bridges, starting with the liquid bridges in the largest of the small airways, because these bridges would be the first to be subjected to the higher airway pressure. Once this liquid bridge breaks, the higher airway pressure could then advance to the next liquid bridge. If the airway pressure is high enough, it could break an entire sequence of bridges until it reaches the alveoli. Branch points along the way would give rise to generations of smaller daughter airways, some of which may have additional liquid bridges to break. The increasing number of branching, opening pathways has been compared to an avalanche, leading ultimately to large numbers of alveoli [13] . If an alveolus is flooded, the higher airway pressure may cause the fluid to redistribute, allowing aeration. If it is closed, it may have its own opening pressure, and it may open and become aerated. Another force for recruitment is the interdependence between neighboring regions of lung [14] . If an increase in airway pressure leads to aeration of one region but not an adjacent region (because the latter's opening pressures were too high), the tension in the parenchyma between the adjacent units may lead to opening of the stubborn, closed area. Finally, additional recruitment could occur through collateral ventilation, perhaps through pores of Kohn [15] or other nonbronchial channels. Thus, it is not difficult to imagine that the process of recruitment would take longer than the process of derecruitment.
However, data from experimental models suggest that recruitment occurs as quickly or even more quickly than derecruitment [16] [17] [18] [19] [20] ; For example, in rat lungs after bronchoalveolar lavage, approximately 80 % of the potential recruitment occurred within several seconds, and recruitment appeared to be complete within 40 s [17] . In mice with acid-induced lung injury, the velocity of opening was an order of magnitude greater than the velocity of closing [18] . In three different porcine models of acute lung injury, time constants of recruitment and derecruitment (assessed by dynamic computerized tomographic scanning) were mostly in the range of 0-2 s [16, 19] .
Then why was the time-course of the oxygenation variables in the current study by Chiumello and colleagues so much longer after a PEEP increase than after a PEEP decrease? One explanation could be that there are differences in the lung mechanics of different species. Another possible explanation is that the improvement in oxygenation variables between 5 and 60 min after a PEEP increase was not due to additional lung recruitment. Respiratory system compliance should increase over time if there is additional recruitment after 5 min, but this did not occur in the study by Chiumello and colleagues. Given the trivial changes in arterial PCO 2 after PEEP increases, we cannot attribute improved arterial oxygenation to improved ventilation. Increased diffusing capacity is also implausible. Perhaps the sustained increase in PEEP and associated higher inspiratory pressures caused a gradual stress relaxation of airways and parenchyma, leading to improvements in ventilationperfusion matching.
Regardless of the physiologic mechanisms behind the results of this study, the data provide useful information to help clinicians and researchers make decisions. Understanding the physiology makes it more interesting and, ultimately, will allow us to take additional steps towards optimizing our approaches to mechanical ventilation in ARDS patients. 
